Background: Atherosclerosis is a postprandial phenomenon. The balanced n-6/n-3 PUFA ratio contributing to the prevention of atherosclerosis has been well shown, but the effect of the ratio on postprandial metabolism has not been fully investigated. The aim of this study was to investigate the effects of the n-6/n-3 PUFAs ratio on postprandial metabolism in hypertriacylglycerolemia patients, comparing them to healthy controls.
Background
Most of the time is spent in not-fasting state for most people consuming meals at regular 4-5 h. Since Zilversmit first suggested that the postprandial lipemia was linked with atherosclerosis [1] , postprandial metabolism had been received much more attention. The exacerbated postprandial response characterizes with retarded clearance of postprandial triglyceride-rich lipoproteins (TRLs), which caused in part by the increasing of triglycerides (TG) in average, peak and later level after a fat meal [2, 3] . Delayed clearance of TRLs can cause the increasing of inflammation makers and impairment of endothelial function, which promote the formation and development of atherosclerosis [4, 5] . The magnitude of the postprandial response is determined by several factors such as quality and quantity of meal intake, characteristics of the subjects, lifestyle and habitual dietary composition [2] . It is worthy noting that postprandial response can be influenced by the amount and type of dietary fatty acids presented in the test meal.
There are three categories of fatty acids: saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs). Studies have revealed important differences with postprandial lipid responses being of the order SFAs>MUFAs>PUFAs [6] [7] [8] . The n-3 and n-6 series PUFAs compete with each other for enzymes required when they are synthesized and all play an important role in vivo [9, 10] . The n-3 fatty acids-derived eicosanoids are anti-inflammatory, whereas those formed from n-6 fatty acids are pro-inflammatory [11] . So a balanced n-6/ n-3 ratio contributed to the prevention of many inflammatory related diseases such as atherosclerosis [12, 13] . Several sources of information suggest that the present diet is deficient in n-3 fatty acids with a ratio of n-6 to n-3 of about 10:1 [14, 15] . Many researches showed that the high ratio of n-6 and n-3 can increase the fasting concentrations of TG [16] [17] [18] and inflammatory markers [19] , but whether the test meal with low ratio of n-6 and n-3 acutely improving postprandial lipid, glucose and inflammatory response, whether ameliorating the postprandial endothelial disfunction have not been thorough investigated.
Therefore we hypothesized that the low n-6/n-3 ratio of the test meal could modulate postprandial response and the effect would be more pronounced in hypertriacylglycerolemia subjects. We investigated the metabolic response to high fat meals only differing the ratio of n-6 and n-3 (high n-3 or low n-3), in hypertriacylglycerolemia and healthy subjects. The study will provide the theoretical and practical basis for recommending the optimal ratio of n-6 to n-3 and for prevention and treatment of hyperlipemia and metabolism disorder, and then for prevention of the development of atherosclerosis in human being.
Methods

Subjects
The sample was composed by 16 adults recruited from the local community. The subjects were classified into two groups based on the fasting blood triglycerides level: hypertriglyceridemia group (HTG group, n = 8) and healthy control group (HC group, n = 8). Subjects were excluded if they had diabetes, coronary heart disease, hyperthyroidism, malignant tumor and other chronic inflammatory diseases, taking drugs of lipid-lowering, antiinflammatory and affecting lipid metabolism in the past one month, taken n-3PUFAs supplements in the past 6 months, or had any disease or condition known to affect study end points. The baseline characteristics of subjects are summarized in Table 1 .
The study was approved by the ethic committee of Zhongda hospital affiliated Southeast University, and had been registered on Chinese clinical trial registry (2012ZD11KY17.0). All subjects were informed about the study process, probable problem and their rights and signed their written informed consent before they entered the screening procedure.
Study design
The study used a cross-over randomized controlled design and consisted of 2 d oral lipid tolerance test, separated by a washout period of at least 2 weeks. During the study period subjects were required to maintain their usual lifestyle and diet habits. On the day prior to the test day, subjects were asked to refrain from alcohol, high-fat food and strenuous exercise. After a 10-h overnight fast, an intravenous catheter was inserted into a forearm vein for collecting blood samples. After taking a fasting blood sample, each participant was requested to consume one of the test meals (18 kcal energy per kilogram body weight). Subsequent blood samples were collected at 30 min, 1 h, 2 h, 4 h, 6 h, 8 h after meal consumption. The serum was separated by centrifugation at 3000 g for 20 min then stored at −80°C until analyzed.
To eliminate the differences in metabolism, the liquid test meals were prepared. The test meals were isoenergetic and all consisted of casein, edible oil (butter, corn oil, linseed oil and olive oil), sugar, lactose, malt dextrin, monoglycerides and water with a caloric distribution of 60% from fat, 15% from protein and 25% from carbohydrates. The compositions of the two kind meals were the same except of the different in n-6/n-3 ratio while maintaining a PUFAs/MUFAs/SFAs ratio of approximately 1/1/1 because of the edible oil composition. The food content and composition of the test meals are listed in Table 2 .
Laboratory assessments
Concentrations of TG, TC, HDL, ApoA, ApoB, glucose, insulin, TNFα and IL-6 were determined in serum samples from T = 0, 0.5, 1, 2, 4, 6 and 8 h after meal consumption. ET-1 and NO concentrations were measured from T = 0, 2, 4, 6 and 8 h after meal consumption. TG, TC and HDL concentrations were determined by enzymatic assays. Glucose concentrations were determined by the glucose oxidase method. Insulin was quantified by chemical immune assay. The concentrations of ApoA and ApoB were detected by immune turbidimetric method. Concentrations of TNFα, IL-6, and ET-1 were measured using ELISA kits purchased from Science Biotechnology Co. Ltd. (Yantai, China). Concentrations of NO were analyzed using Griess method and the assay kit was obtained from Applygen Technologies (Beijing, China).
Statistical analysis
Data were expressed as mean ± SD for normally distributed. The incremental areas under the postprandial curve (iAUC) or the decremental AUC (diAUC) and maximal change were used to evaluate the overall response during postprandial period. AUC was calculated using GraphPad Prism4.03. Maximal change was calculated by subtracting fasting concentrations from maximal value or by subtracting minimal value from fasting concentrations. Differences in AUC and maximal change between the test meals and subject groups were tested for significance by univariate independent-sample T test. Analysis of variance (ANOVA) for repeated measures was used to analyze the time and meals interaction within subject groups and the time and group interaction within meals. All these analyses were performed using SPSS 17.0. Values with P < 0.05 were considered statistically significant in all cases.
Results
TG
As showed in Figure 1 , there was a significant change in TG concentration over time in both groups after both meals (P < 0.01). In HC group the concentrations of TG reached peak concentrations after 4 h and had returned to fasting concentrations after 8 h after both meals. But in HTG group the concentrations of TG reached peak concentrations after 4 h after high n-3 meals but after 6 h after low n-3 meals, and had not returned to fasting concentrations after 8 h after both meals. The postprandial response of TG concentration was not significantly different between the two meals in HC group (P = 0.797) and HTG group (P = 0.975), however was significantly different between HC group and HTG group after the two meals (P < 0.01). The maximal change and iAUC in TG was lower after high n-3 meals than after low n-3 meals in HTG groups, but there was not significant difference between two meals in both groups. The maximal change and iAUC in TG was lower in HC group than in HTG group after both meals, and there was significant difference between two groups after low n-3 (Table 3) .
Glucose and insulin
As showed in Figure 2 , glucose concentration changed significantly over time in both groups after both meals (P < 0.05). In HC group the concentrations of glucose reached peak concentrations after 0.5 h and had returned to fasting concentrations after 4 h after both meals. But in HTG group the concentrations of glucose reached peak concentrations after 2 h and had returned to fasting concentrations after 6 h after both meals. The postprandial response of glucose concentration was not significantly different between the two meals in HC group (P = 0.057) and HTG group (P = 0.873), and was not significantly different between HC group and HTG group after high n-3 meals (P = 0.346) and low n-3 meals (P = 0.614). The iAUC of glucose was higher after high n-3 meals than after low n-3 meals in both groups, but there was not significant difference. The maximal change and the iAUC in glucose was lower in HC group than in HTG group after both meals, and the iAUC was significantly different between two groups after low n-3 (Table 3) . Figure 1 TG concentrations over 8 h after high n-3 and low n-3 in HC and HTG group. Data presented as mean ± SD (n = 8). TG concentrations increased significantly after both meals in both groups (P<0.01). The postprandial response of TG concentration was not significantly different between the two meals in both groups, but was significantly different between HC group and HTG group after the two meals.
As showed in Figure 3 , insulin concentration changed significantly over time in both groups after both meals (P < 0.01). In HC group the concentration of insulin reached peak concentrations after 0.5 h, while in HTG group the concentrations of insulin reached peak after 2 h. The postprandial response of insulin concentration was not significantly different between the two meals in HC group (P = 0.429) and HTG group (P = 0.864), and was not significantly different between HC group and HTG group after high n-3 meals (P = 0.153) and low n-3 meals (P = 0.189). The maximal change and iAUC in insulin was lower after high n-3 meals than after low n-3 meals in both groups, lower in HC group than in HTG group after both meals, but there was all not significant difference (Table 3) .
Inflammatory markers
As showed in Figure 4 , IL-6 concentration increased significantly from baseline in both groups after both meals (P < 0.05). At each time point after both meals the concentrations of IL-6 in HTG group were higher than in HC group. The postprandial response of IL-6 concentration was not significantly different between the two meals in HC group (P = 0.421) and HTG group (P = 0.635), and Glucose concentrations increased significantly after both meals in both groups (P<0.01). The postprandial response of glucose concentration was not significantly different between the two meals in both groups, and not significantly different between HC group and HTG group after the two meals.
was not significantly different between HC group and HTG group after high n-3 meals (P = 0.233) and low n-3 meals (P = 0.149). The maximal change and the iAUC in IL-6 were lower after high n-3 meals than after low n-3 meals in both groups, but there was not significant difference. The maximal change and the iAUC in IL-6 were lower in HC group than in HTG group after both meals, and the iAUC was significantly different between two groups after low n-3 ( Table 3) .
As showed in Figure 5 , TNF-α concentration increased significantly from baseline in both groups after both meals (P < 0.05). The postprandial response of TNFα concentration was not significantly different between the two meals in HC group (P = 0.712) and HTG group (P = 0.943), and was not significantly different between HC group and HTG group after high n-3 meals (P = 0.107) and low n-3 meals (P = 0.170). At each time point after both meals the concentrations of TNFα in HTG group were higher than in HC group. The maximal change and iAUC in TNFα was lower after high n-3 meals than after low n-3 meals in both groups, lower in HC group than in HTG group after both meals, but there was all not significant difference (Table 3) .
Endothelial function
As showed in Figure 6 , ET-1 concentration increased significantly from baseline in both groups after both meals (P < 0.05). At each time point after both meals the concentrations of ET-1 in HTG group were higher than in HC group. The postprandial response of ET-1 concentration was not significantly different between the two IL-6 concentrations changed significantly over time after both meals in both groups (P<0.05). The postprandial response of IL-6 concentration was not significantly different between the two meals in both groups, and was not significantly different between HC group and HTG group after the two meals. ET-1 concentrations changed significantly over time after both meals in both groups (P<0.05). The postprandial response of ET-1 concentration was not significantly different between the two meals in both groups, and was not significantly different between HC group and HTG group after the two meals. Figure 3 Insulin concentrations over 8 h after high n-3 and low n-3 in HC and HTG group. Data presented as mean ± SD (n = 8). Insulin concentrations changed significantly over time after both meals in both groups (P<0.01). The postprandial response of glucose concentration was not significantly different between the two meals in both groups, and was not significantly different between HC group and HTG group after the two meals.
meals in HC group (P = 0.959) and HTG group (P = 0.941), and was not significantly different between HC group and HTG group after high n-3 meals (P = 0.504) and low n-3 meals (P = 0.557). The maximal change and iAUC in ET-1 was lower after high n-3 meals than after low n-3 meals in both groups, but there was not significant difference ( Table 3) . As showed in Figure 7 , NO concentration decreased significantly from baseline in both groups after both meals (P < 0.05). At each time point after both meals the concentrations of NO in HTG group were lower than in HC group. The postprandial response of NO concentration was not significantly different between the two meals in HC group (P = 0.522) and HTG group (P = 0.402), and was significantly different between HC group and HTG group after both test meals (P < 0.01). The maximal change and the diAUC in NO were higher in HC group than in HTG group after both meals, and the diAUC was significantly different between two groups after low n-3 (Table 3 ).
Discussion
To our knowledge, the current research is the first time to investigate the effect of the n-6/n-3 PUFAs ratio on the postprandial lipid, glucose and insulin metabolism, inflammatory response and endothelial function in hypertriacylglycerolemia subjects, comparing them to normal controls. According to repeated-measures ANOVA, the postprandial response of lipid, glucose, insulin inflammation and endothelial function after high n-3 test meal were not significantly different from that after low n-3 test meal, but the postprandial lipid response was exaggerated in HTG subjects regardless of test meal, and low n-3 test meals strengthened the difference between HTG and HC groups.
Previous studies suggested that increasing consumption of n-3 PUFAs could improve lipid metabolism both in the fasting and postprandial states [20] , however in our study, the postprandial lipid response was not different between the high and low n-3 test meals, suggesting that n-3 PUFA needs more than 8 hours to exert these beneficial effects and the fatty acids content of background diet maybe more effective than the type of fatty acids in test meal to influence the postprandial response [21] . Furthermore, the pure fat test with high n-3 PUFAs also can not acutely improve postprandial lipid response in men with metabolic syndrome [22] . Although differences in postprandial responses were not observed between the meals, the pattern of TG response was different in HTG group and HC group. The peak point of the blood TG concentration was 4 h postmeal after eating the high n-3 meals but 6 h after the low n-3 meal in HTG group. The prolonged elevation in TG concentration may reflect the prolonged either slower absorption or to increased lipolysis. Shah et al. [6] also pointed that test meals rich in DHA and EPA (the representative of n-3 PUFAs) may reduce the TG response, but the difference was not significant between DHA and EPA and linoleic acid (the representative of n-6 PUFAs). Given the TC, HDL, ApoA, ApoB is an acknowledge marker of lipid metabolism in the fasting state, in our research the concentration of these were also measured in postprandial samples. But all these markers did not show any marked change over time after meals (data not show), which is accordance with the previous studies [23, 24] , suggesting that the postprandial rate of their catabolism and synthesis was slow. So measuring these markers will not add new information for postprandial response.
Subjects with fasting hypertriglyceridemia usually have elevated and prolonged postprandial lipid response [4] . In the present study it is apparent that HTG subjects tended to have greater postprandial increase in TG levels relative to healthy controls, which is in good agreement with most studies [25] [26] [27] . Furthermore the difference in the magnitude of postprandial TG response was strengthened by low n-3 test meal. After both test meals maximal change and iAUC for TG was all higher in HTG group than HC group, the difference were significant after low n-3 test but not after high n-3 test. Hypertriglyceridemia subjects show slower clearance of glucose, larger insulin increases and more extravagant endothelial dysfunction [28] . Although in our study the concentration of glucose, insulin, IL-6, TNFα and ET-1 at each time point was higher NO was lower in HTG group, but the maximal change and iAUC had no significant difference except for iAUC of insulin, IL-6 and diAUC of NO after low n-3 test meals.
Postprandial period is regarded as pro-inflammatory state, indicated by elevated levels of inflammatory proteins such as IL-6 and TNFα. There is evidence that n-3 fatty acids are anti-inflammatory, but n-6 fatty acids are proinflammatory [9, 29] . However our results suggest that the ratio of n-6 and n-3 in test meal does not acutely influence inflammatory status in HTC and HC subjects. The magnitude of the postprandial increase in plasma IL-6 and TNFα was similar after high n-3 and low n-3 meals in both groups. Earlier studies have demonstrated that IL-6 increases from morning to night irrespective of food intake [30] [31] [32] . So the increase of IL-6 levels in our research maybe confounded because of blood drawing procedure [33] . Plasma TNFα concentration increased in parallel with plasma IL-6 concentration in current study, which could be partly explained by the elevation of the number of monocytes expressing TNFα within visceral adipose tissue [34, 35] . Other studies in obesity and diabetes men, TNFα concentrations were unchanged or decreased [36, 37] . Possible reasons for conflicting results could be the differences in population in study and composition of the test meal. The postprandial state, characterized by elevations in TG, is a proinflammatory situation contributing to endothelial dysfunction that is considered the earliest stage of atherosclerotic [38] . NO and ET-1 are major vasodilator and vasoconstrictor endothelium-derived substances respectively, and their role and reciprocal interactions in endothelial function have been extensively accepted. In our research postprandial endothelial function impaired with decreasing of NO and increasing of ET-1 after test meals, which are consistent with many previous studies [39, 40] . It is well known that intake of n-3 fatty acids is inversely associated with biomarkers of inflammation and endothelial activation [40, 41] . In our current research high n-3 test meal does not improve the postprandial endothelial disfunction in HTC and HC subjects. It is apparent that HTG subjects tended to have greater postprandial decrease in NO levels compared to healthy controls, which further proved that transient increase in TG increase the risk of atherosclerosis. The disordered postprandial metabolism of triglyceride-riched lipoproteins may play an atherogenic role by inducing endothelial dysfunction [42] .
Conclusion
In conclusion, the present results indicated that the ratio of n-6 and n-3 can not acutely influence the postprandial lipid, glucose and insulin metabolism, inflammatory response and endothelial function, but the low n-3 test meal can strengthen the difference between HTG and HC groups.
